ABSTRACT This study was conducted to investigate the effects of exogenous enzymes on growth performance, ileal digestible energy (IDE) and apparent il-
INTRODUCTION
Corn is the main source of energy in poultry diets on a global scale (Ertl and Dale, 1997; Summers, 2001) , and its inclusion rate in commercial diets can be up to 70% (Summers, 2001) . Although corn is a highly digestible source of energy, it also contributes other nutrients including CP and amino acids (AA) to diets (Lilburn et al., 1991; Summers, 2001; Opapeju et al., 2007) . According to the USDA (2011), the estimated global production of corn was 828.29 million tonnes for 2010-2011.
Reducing feed costs per unit of production at commercial poultry farms is a constant concern for the industry and the current upward trend in the price of feedstuffs has generated an increasing interest in using exogenous enzyme products in corn-soy diets (Cowieson and Ravindran, 2008a; Cowieson, 2010) . Much of the available scientific information on exogenous enzyme applications in poultry diets is related to high-viscosity grains including wheat and barley, which generally contain high levels of soluble nonstarch polysaccharides (NSP). However, several studies have indicated that the feeding value of corn-soy diets can also be increased by exogenous enzymes (Cowieson, 2005; Choct, 2006) .
Corn and soybean meal, as 2 major ingredients in commercial poultry diets in many parts of the world, contain varying levels of different antinutritive factors (e.g., NSP and protease inhibitors) that can impede normal digestion and absorption processes of nutrients including carbohydrates and proteins in the digestive tract (Bach Knudsen 1997; Sheppy, 2001 ; Thorpe and Beal, 2001; Yu and Chung, 2004) . Corn NSP content is lower than that of soybean meal (Cowieson and Adeola, 2005; ; however, its contri-bution to the overall NSP level of the diet can be substantial due to its high inclusion rate in corn-soy diets. reported that the total and water-soluble NSP contents of corn were 76.3 and 6.4 mg/g, respectively. However, these values for soybean meal were 136.7 and 13.4 mg/g, respectively. This indicates that NSP-induced intestinal viscosity is generally not a problem in birds fed corn-soy-based diets, but NSP compounds have the ability to prevent access to nutrients by encapsulating them (Gracia et al., 2003; Cowieson, 2005; Choct, 2006; Slominski, 2011) .
It has been estimated that there is about 400 to 450 kcal of energy per kg of diet not being digested when birds are fed a typical corn-soy ration (Cowieson, 2010) . A combination of undigested fat, protein, and starch contributes to this energy loss, and use of exogenous enzymes can be a good strategy to make this energy available to birds (Cowieson, 2010) . The NSP-degrading enzyme products (either with or without other enzyme activities) can enhance the access of endogenous enzymes to nutrients (e.g., starch granules) by releasing the nutrients from complex cell wall molecules (Yu and Chung, 2004; Leslie et al., 2007) . On the other hand, several studies have shown that addition of exogenous enzyme products to corn-soy diets can also increase digestibility of CP (Zanella et al., 1999; D'Alfonso, 2005; Cowieson and Ravindran, 2008b) and AA (Zanella et al., 1999; Cowieson et al., 2006a; Rutherfurd et al., 2007; Cowieson and Ravindran, 2008b) .
The existing knowledge on the roles that exogenous enzyme products may play in enhancing the feeding value of corn-soy diets in poultry is not only limited, but also inconsistent, and as a result, more information is still required in this area of research (Ritz et al., 1995; Zanella et al., 1999; Gracia et al., 2009) . The objectives of the current study were to investigate the effects of supplementation of different enzyme products on growth performance variables and apparent ileal digestible energy (IDE) and apparent ileal digestibility of CP and AA in the starter, grower, and finisher phases in broiler chickens fed corn-soy diets containing 3 corn sources of different geographical origins.
MATERIALS AND METHODS

Experimental Design and Diets
This experiment was approved by the Animal Care and Use Committee: Livestock of the University of Alberta and also met the guidelines of the Canadian Council on Animal Care (CCAC, 1993) . A total of three thousand six hundred 1-d-old male broiler chicks (Ross 308 strain) were randomly assigned into groups of 30 chicks to 120 Specht pullet cages (53 × 59 × 44 cm, Specht Canada Inc., Stony Plain, AB, Canada). The room temperature was initially set at 34°C and was accordingly decreased to reach 18°C by d 39, which was the last day of the experiment. The lighting program was 23L:1D per day, and the birds had unrestricted access to feed and water throughout the feeding trial.
Three corn samples (corn 1, corn 2, and corn 3) were obtained from the United States and Canada. These samples were analyzed for DM, starch, CP, and oil contents before being used in the experimental diets. Results of chemical analyses of the 3 corn samples are shown in Table 1 . In spite of different geographical origins, these corn samples had a relatively similar analyzed nutrient content. A total of 15 experimental diets as 5 treatments for each of the 3 corn sources were prepared. A single source of soybean meal was used for the preparation of all 15 experimental dietary treatments.
The 5 dietary treatments used for each corn source were positive control (PC) with no exogenous enzymes and adequate in all nutrients according to the requirements set by the NRC (1994) and the primary breeder management guidelines for broiler chickens (Aviagen Inc., 2005) ; negative control (NC) with no exogenous enzymes and a 3% reduction in calculated ME value relative to the PC diet; NC supplemented with 500 units/kg of xylanase (diet X; Porzyme 9300, Danisco Animal Nutrition, Marlborough, Wiltshire, UK); NC supplemented with 300, 400, and 4,000 units/kg of xylanase, amylase, and protease, respectively (diet XAP; Avizyme 1505, Danisco Animal Nutrition); NC supplemented with 1,100 visco and 100 AGL units of xylanase and β-glucanase, respectively (diet XG; Rovabio Excel AP, Adisseo France S.A.S., Antony, France). The dietary energy content was reduced in NC diets to determine the ability of exogenous enzyme product addition to increase nutrient and energy availability of these diets to the level of the respective PC diets (Zanella et al., 1999; Yu and Chung, 2004; Cowieson et al., 2006a; Cowieson and Ravindran, 2008b) .
The ingredient composition and analyzed chemical contents of the diets for the starter, grower, and finisher phases are given in Tables 2 and 3 , respectively. Detailed information on the recovery of enzyme activities in all 15 dietary treatments is presented in Table  4 (recovery analyses were conducted by Danisco Animal Nutrition). The activity of β-glucanase enzyme was not measured in the experimental diets of the present study. As briefly described by Cowieson et al. (2006b) , xylanase activity in the experimental diets was determined by following a modified method based on the Megazyme xylanase assay kit (Megazyme International Ireland Ltd., Bray, Ireland) . Amylase activity in the diets was assessed by using phadebas tablets (Megazyme International Ireland Ltd.), according to the method of Barnes and Blakeney (1974) and McCleary and Sheehan (1989) . The activity of protease in the diet samples was tested by a modified Megazyme method (Megazyme International Ireland Ltd.), using pH 10 Tris/ HCl as the extraction and assay buffers. The activities of the enzymes in the experimental rations of the present study were within expected limits. In the present study, enzyme activities (xylanase) were also recovered from one of the control diets (PC diet of corn 1 with no exogenous xylanase being added). The reasons for the presence of xylanase in the control diet are not clear. The diets were fed to the birds in a mash form. Celite (Celite Corporation, World Minerals Inc., Lompoc, CA) was included in all diets at 1% as an indigestible marker to determine nutrients and energy digestibility values.
Growth Performance and Digestibility Measurements
Each diet was fed to 8 cages of 30 chicks (initially 240 chicks per diet) in 3 phases as a starter (0 to 11 d of age), grower (12 to 28 d of age), and finisher (29 to 39 d of age). Body weight and feed intake were recorded and feed conversion ratio (FCR) was calculated for each cage at the end of each of the starter, grower, and finisher phases. Cage mortality (number and weight of dead birds within each cage) was recorded daily throughout the experiment, and FCR was corrected accordingly.
At d 11, 28, and 39 of age, birds (15 birds from each cage at d 11, 9 birds at d 28, and all remaining birds at d 39) were euthanized by cervical dislocation and contents of the ileum (from Meckel's diverticulum to the ileocecal junction) were collected in plastic bags, pooled within each cage, and frozen immediately. Pooled digesta samples were subsequently freeze-dried and ground for laboratory analyses (Garcia et al., 2007) . Diets and ileal digesta samples were analyzed for DM, acid-insol- 4 Provided 100 mg of choline per kilogram of diet. 5 Product X = 0.1 g/kg of diet (Porzyme 9300, Danisco Animal Nutrition, Marlborough, Wiltshire, UK, provided 500 units of xylanase per kilogram of diet). 6 Product XAP = 0.2 g/kg of diet (Avizyme 1505, Danisco Animal Nutrition, provided 300, 400, and 4,000 units of xylanase, amylase, and protease, respectively, per kilogram of diet). 7 Product XG = 0.05 g/kg of diet (Rovabio Excel AP, Adisseo France S.A.S., Antony, France, provided 1,100 visco and 100 AGL units of xylanase and β-glucanase, respectively, per kilogram of diet).
8 Amprol, Huvepharma Inc., Peachtree City, GA.
uble ash (AIA), gross energy (GE), CP, and essential and nonessential AA.
Chemical Analyses
The DM (method 934.01; AOAC, 2005) and AIA (McCarthy et al., 1974) contents of experimental diets and ileal digesta samples were determined. Gross energy of samples was measured by bomb calorimetry using an adiabatic calorimeter (AC-300, Leco Corp., St. Joseph, MI) calibrated with benzoic acid (Gunawardena et al., 2010) . Nitrogen content of samples was determined by combustion with an automatic nitrogen analyzer (Leco TruSpec CN, Leco Corp.), and then multiplied by 6.25 to calculate CP content of each sample (method 968.06; AOAC, 2005) .
The AA contents of diets and digesta samples were determined by hydrolyzing approximately 100 mg of each sample with 6 M HCl for 24 h at 110°C to allow the release of AA from protein molecules. In the standard hydrolysis procedure, all AA were quantified except Cys, Met, Trp, and Pro. The Cys and Met were determined as cysteic acid and methionine sulfone through the performic acid oxidation method (Sedgwick et al., 1991; method 994.12; AOAC, 2005; Cowieson and Ravindran, 2008b) . The Trp and Pro were not determined in the present study.
The IDE and apparent ileal digestibility of CP and AA of the diets were calculated according to the following formulas (Olukosi et al., 2007b) : 4 Not available. 5 Product X = xylanase (500 units of xylanase per kg of diet). 6 Product XAP = xylanase, amylase, and protease (300, 400, and 4,000 units of xylanase, amylase, and protease, respectively, per kg of diet). 7 Product XG = xylanase + β-glucanase (1,100 visco and 100 AGL units of xylanase and β-glucanase, respectively, per kg of diet).
8 β-glucanase activity was not measured in the experimental diets.
The IDE is a measure of the amount of energy being absorbed by the bird up to the ileum, minimizing the confounding effects of hindgut microbiota on energy measurement using excreta samples (Olukosi et al., 2007b) .
Statistical Analysis
The experiment was conducted as a completely randomized design and growth performance and digestibility data were analyzed by ANOVA (Kuehl, 2000) using the GLM procedure of SAS to examine the effects of dietary treatments (SAS Institute, 2002; Olukosi et al., 2007b) . These analyses were performed for diets of each corn sample within each production phase (i.e., starter, grower, and finisher) with 8 observations (replicates) for each dietary treatment. The cage was the experimental unit, and least squares means were compared using orthogonal contrasts (SAS Institute, 2002; Olukosi et al., 2007b) . Differences were considered significant at P ≤ 0.05.
RESULTS
Growth Performance Variables
Corn 1. Dietary treatments had no effects (P > 0.05) on performance variables in the starter and finisher phases. In the grower phase, birds fed the XAP diet had higher feed intake (67.4 ± 2.25 g/d per bird; P = 0.050) than the NC diet (61.0 ± 2.25 g/d per bird). Birds receiving the X diet had higher FCR (1.69 ± 0.03; P = 0.039) compared with the NC-fed group (1.59 ± 0.03; data not shown).
Corn 2. Diets had no effect (P > 0.05) on performance of birds in the starter phase except for a higher feed intake (20.5 ± 0.46 g/d per bird; P = 0.040) in birds fed the XAP diet relative to the NC birds (19.1 ± 0.46 g/d per bird). There was also no effect (P > 0.05) of diets in the grower phase. In the finisher phase, birds fed with the XAP diet had higher weight gain (67.7 ± 1.44 g/d per bird; P = 0.036) compared with the NC diet (63.3 ± 1.44 g/d per bird). However, treatments had no effect on feed intake and FCR relative to the NC diet (data not shown).
Corn 3. In the starter phase, birds fed the XG diet had higher feed intake (20.9 ± 0.52 g/d per bird; P = 0.024) compared with the NC diet (19.1 ± 0.52 g/d per bird). There was no effect of diets on BW gain and FCR. Diets had no effects (P > 0.05) on performance variables in the grower and finisher phases (data not shown).
Digestibility Measures
Corn 1. In the starter phase, digestibility of DM and IDE were not different (P > 0.05) in the NC and PC diets and enzyme inclusion had no effects (P > 0.05) on digestibility measures. In the grower phase, digestibility of the NC diet was lower (P < 0.05) than the PC diet; however, supplementation of enzyme products did not result in any increases in ileal digestibility compared with the NC diet. In the finisher phase, the NC diet again had higher digestibility values than the PC diet and addition of product X reduced (67.4 ± 1.41%; P = 0.014) DM digestibility compared with the NC diet (72.5 ± 1.41%; data not shown).
Dietary treatment had no effect (P > 0.05) on ileal digestibility of CP and AA in the starter phase. In the grower phase, product X increased digestibility of Arg (by 2.0%) compared with the NC diet. Product XAP increased digestibility of CP by 3.2%, Arg by 2.0%, Val by 3.3%, Ser by 4.5%, and Ala by 3.0%. The XG supplementation enhanced digestibility of Arg by 1.9% only. However, in the finisher phase, ileal digestibility of CP and some of AA of the NC diet was higher than the PC diet and product X decreased (P < 0.05) digestibility of CP, His, Cys, Met, Val, Ile, Leu, Lys, and Ala compared with the NC diet (Tables 5 and 6 ).
Corn 2. In the starter phase, diets had no effects (P > 0.05) on digestibility of DM and IDE. In the grower phase, supplementation of diets with each of the enzyme products increased (P < 0.05) digestibility values compared with the NC diet ( Table 7) . The increases in digestibility of DM were 13.0, 11.2, and 10.8% for the X, XAP, or XG diets, respectively. The IDE was also increased by 8.0, 7.1, and 6.3% as a result of inclusion of products X, XAP, or XG, respectively. In the finisher phase, only XAP supplementation increased DM digestibility by 4.0% and IDE by 3.2% compared with the NC diet.
Dietary treatments had no effect (P > 0.05) on digestibility of CP and AA in the starter phase. In the grower phase, product X increased (P < 0.05) digestibility of CP and all AA except for Met compared with the NC diet. Inclusion of XAP enhanced (P < 0.05) ileal digestibility of CP and all AA with the exception of His and Met. Diet supplementation with XG increased (P < 0.05) digestibility of CP and all AA except Cys and Met. In the finisher phase, product X increased (P < 0.05) digestibility of CP, Thr, Arg, Ile, Lys, Gly, and Ala compared with the NC diet. The XAP treatment followed a similar pattern as product X except that it also increased (P < 0.05) digestibility of Val and Phe, but not Ala. However, inclusion of product XG increased (P < 0.05) digestibility of Ser only (Tables  8 and 9 ).
Corn 3. There was no effect of diets (P > 0.05) on DM digestibility and IDE in the starter and grower phases. In the finisher phase, supplementation of XG increased DM digestibility by 5.9% (71.3 ± 1.17%; P = 0.020) and IDE by 4.0% (3,462 ± 45 kcal/kg; P = 0.043) compared with the NC diet (67.3 ± 1.17% and 3,327 ± 45 kcal/kg for DM and IDE, respectively; data not shown).
There was no effect of diets (P > 0.05) on digestibility of CP and AA in the starter and grower phases.
In the finisher phase, the X diet increased (P < 0.05) digestibility of Cys only compared with the NC diet. However, the XG diet enhanced (P < 0.05) ileal digestibility of CP and all AA except for His, Cys, and Met (data not shown).
DISCUSSION
Growth Performance Variables
The effects of dietary treatments on BW gain, feed intake, and FCR were generally not significant. In cases of significant differences, they lacked consistency, and in some cases, enzyme addition had a negative impact on performance variables. The lack of responses in performance variables to exogenous enzyme treatments has also been reported in other studies in which broiler chickens were fed corn-soy diets. In the study of Kocher et al. (2003) , none of the exogenous enzyme products tested (including xylanase and xylanase, amylase, plus protease) had any effects on the performance of broiler chickens. Olukosi et al. (2007b) also observed that addition of a cocktail of xylanase, amylase, and protease had no effects on BW gain and feed efficiency in broiler chickens fed corn-soy diets for 21 d of age. West et al. (2007) conducted 3 separate experiments and observed that addition of an enzyme product containing xylanase and β-glucanase had no significant impact on BW and feed conversion in broilers fed corn-soy diets for up to 49 d of age.
One explanation for the lack of effects of enzyme treatments on growth performance in the present study could be that the extent of reduction in calculated ME content of NC diets (a calculated 3% reduction relative to the PC diets) was not substantial enough to produce detectable effects on performance (Troche et al., 2007; West et al., 2007) 4 Product X = xylanase. 5 Product XAP = xylanase, amylase, and protease. 6 Product XG = xylanase + β-glucanase. 7 Significance level (P ≤ 0.05).
The lack of effects on growth performance does not necessarily mean that enzyme products are not able to work on their specific substrates (Cowieson and Adeola, 2005; Olukosi et al., 2007a) ; products X, XAP, and XG had effects on IDE and digestibility of CP and AA in the present study. suggested that the effects of cell-wall degrading enzymes on growth performance may be small and not always detectable under experimental settings. However, these small effects can be associated with economic benefits at large commercial poultry farms .
Digestibility Measures
Enzyme treatments had no impact on IDE in the starter phase of the present study. This finding is in accordance with Olukosi et al. (2007b) who also reported no effect of a mixture of xylanase, amylase, and protease on IDE in 21-d-old broiler chickens. However, it is in contrast to the study of Cowieson et al. (2010) where IDE was increased as a result of addition of xylanase + glucanase in 21-d-old broilers. Wyatt et al. (1999) reported that addition of an enzyme blend containing xylanase, amylase, and protease increased IDE of cornsoy diets in 28-d-old broiler chickens, which is in agreement with our observations in the grower phase in the birds fed corn 2 diets.
There were no effects of enzyme products on ileal digestibility of CP in the starter phase of the present study. The lack of effects of enzyme treatments on CP digestibility in this phase is in agreement with Mahagna et al. (1995) , who also did not observe any positive effects of addition of exogenous amylase and protease on CP digestibility of sorghum-soy diets in 14-d-old broiler chickens. In the grower phase of the present study, each of the enzyme products increased ileal CP digestibility in birds fed the corn 2 diets. Rutherfurd et al. (2007) reported that addition of an enzyme mixture of xylanase, amylase, and β-glucanase in a corn-soy diet significantly increased ileal nitrogen digestibility in 29-dold broiler chickens. Ileal digestibility of AA also followed a pattern similar to CP digestibility. There were no effects of enzyme supplementation on the digestibility of AA in the starter phase of the present study. Cowieson et al. (2010) also reported that xylanase and glucanase (added separately into diets) had no effects on ileal digestibility of AA in the starter phase in birds fed corn-soy diets.
The extent of enhancement in digestibility of AA was not the same for all AA in the present study. Previous studies with corn-soy diets (Zanella et al., 1999; Cowieson et al., 2006b; Rutherfurd et al., 2007; Cowieson and Ravindran 2008a,b) have also demonstrated that increases in digestibility of AA were not equal for all AA. In the present study, enzyme products had no effects on Met digestibility, which is in accordance with other studies (Zanella et al., 1999; Cowieson et al., 2006b; Rutherfurd et al., 2007; Cowieson and Ravindran, 2008b) , which also reported the smallest increases in digestibility of Met compared with other AA following exogenous enzyme supplementation. Rutherfurd et al. (2007) showed that addition of an enzyme product composed of xylanase, amylase, and β-glucanase increased digestibility of Met from 89 to 92%. It appears that, regardless of enzyme supplementation, the ileal digestibility of Met in corn-soy rations is inherently high (Rutherfurd et al., 2007; Cowieson, 2010) .
Inherent digestibility of AA should always be considered when evaluating the effects of exogenous enzymes on the ileal digestibility of AA. For instance, Met is highly digestible and exogenous enzymes may not be able to elicit a great response compared with other AA (Cowieson and Bedford, 2009; Cowieson, 2010; Cowieson et al., 2010) .
Inconsistency or Lack of Responses
The effects of enzyme products observed in the present study were not consistent and varied depending on corn source, enzyme product profile, and age of the birds. The greatest responses to enzyme product addition were mainly found in the grower phase and were mostly observed in birds fed corn 2 diets. As stated earlier, the 3 corn samples used in the present study had a relatively similar analyzed nutrient content; however, enzyme supplementation resulted in different responses with a greater impact on digestibility in birds fed the corn 2 diets.
As reviewed by Cowieson et al. (2006b) , one of the main challenges with respect to enzyme product supplementation is that enzyme addition may not always lead to enhancement of growth performance or digestibility of nutrients; this inconsistency was observed in the present study as well. In general, these inconsistencies can be attributed to a wide array of factors (Cowieson et al., 2006b ) including differences in the types and activities of enzymes (Gracia et al., 2003) , the types of bacteria or fungi being used to produce enzyme products (Gracia et al., 2003; Olukosi et al., 2007a) , inclusion level of the enzymes into the diets (Cowieson and Ravindran, 2008a) , addition of a single or a mixture of enzyme activities (Cowieson and Adeola, 2005; Cowieson et al., 2006b; Olukosi et al., 2007b) , nutritional quality of dietary ingredients (Douglas et al., 2000; Cowieson et al., 2006b; Cowieson and Ravindran, 2008b; Zhou et al., 2009) , and form of the diet (Gracia et al., 2003; Yang et al., 2010) . A combination of the above-mentioned factors may have played a role with respect to inconsistency or the lack of enzyme responses in the present study.
The nutritional quality of the diet is probably the most important factor that influences responses to an enzyme product (Cowieson, 2010) . Responses to exogenous enzyme product addition are expected to be greater in diets with lower nutritional quality (Wyatt et al., 1999; Kocher et al., 2003; Cowieson and Ravindran, 2008b; Zhou et al., 2009; Cowieson et al., 2010) . Zhou et al. (2009) reported that addition of xylanase, amylase, and protease was associated with greater effects on increasing AME of corn-soy diets with lower energy contents compared with diets with higher energy levels fed to broiler chickens. These observations may, to some extent, explain why greater responses to enzyme supplementation were seen in birds fed corn 2 diets. Another explanation for the inconsistency or lack of effects of enzyme products, especially in birds fed corn 1 and corn 3 diets, might be that in some cases, there were no differences in IDE or digestibility of CP and AA between the PC and NC diets. In some instances, digestibility measures of the NC diets were even higher than the PC diets. This could be due to higher digestibility of corn 1 and corn 3 diets compared with corn 2 as enzyme responses, to a large extent, are dependent on the nutritional quality of the diet (Olukosi et al., 2007b; Cowieson and Bedford, 2009 ). Cowieson et al. (2010) reported a strong relationship (R 2 = 0.69) between digestibility of NC diets and the extent of responses to enzyme supplementation in these diets.
Late vs. Early Enzyme Responses
Bird responses to enzyme product inclusions were mainly observed in the grower phase of the present study. It is generally expected to observe greater responses to exogenous enzymes in younger animals as endogenous enzymatic activities in the digestive tract are limited, and this can limit efficiency of the digestive tract at the early stages of life (Olukosi et al., 2007b) . However, results of the present study did not exactly follow this pattern because there were no effects of enzyme products on ileal digestibility parameters in the starter phase. There were no differences in ileal digest- ibility of nutrients and energy between the PC and NC diets in the starter phase, and in some cases, digestibility values of the NC diets were even higher than the PC diets. The reasons for these observations are not clear; however, this situation might have played a role with respect to the lack of effects of enzyme products in the starter phase. Gracia et al. (2003) reported positive effects of dietary supplementation of α-amylase on nutrient digestibility at d 28 in male broiler chickens fed with corn-soy diets. This can suggest that in some instances, exogenous enzymes may not exert positive effects at early stages of life, and there could still be a possibility for further enhancements in nutrient digestibility at later stages (Gracia et al., 2003) . This could be an indication that the digestive tract of broiler chickens might not be completely developed by 28 d of age and nutrient digestibility can still be further enhanced (Gracia et al., 2003) . This may, to some extent, explain why enzyme effects were observed in the grower phase of the present study.
Mechanisms of Action for Enzyme Responses
There are several suggested mechanisms of action of exogenous enzyme products in corn-soy diets (Cowieson, 2005) . Digestibility of starch in the small intestine can be increased by the addition of exogenous enzyme products into corn-soy diets, leading to enhanced energy availability of diets to birds (Zanella et al., 1999; Yu and Chung, 2004; . Leslie et al. (2007) suggested that exogenous glucanase can increase IDE value through enhancing starch digestion via increases in the amylase access to the starch granules. In another study, D'Alfonso (2005) concluded that that exogenous xylanase and protease can work together to provide a proper condition for the action of exogenous amylase on the starch, which can result in increased ileal starch digestibility and IDE values. Our observations also suggest that effects of enzyme products used in the present study on IDE of corn-soy diets were possibly through enhancing digestibility of dietary starch in the small intestine. It is also suggested that exogenous enzymes can increase the access to entrapped nutrient components through destroying some fractions of the cell walls of ingredients (Kocher et al., 2003; D'Alfonso, 2005; Leslie et al., 2007) . As stated earlier, NSP-induced viscosity is generally not a problem in corn-soy-based diets, but NSP compounds have the ability to negatively influence the access of endogenous enzymes to nutrients by encapsulating the nutrients in the cell wall structures in corn (Gracia et al., 2003; Cowieson, 2005; Choct, 2006; Slominski, 2011) . Although exogenous xylanase is able to release the nutrients existing in the cell wall structures, this action might not result in an effective response if xylanase is not accompanied by other enzyme activities such as protease and amylase (Cowieson, 2005) . Cowieson et al. (2010) also proposed that synergism between xylanase and glucanase can degrade the cell wall structures more efficiently, resulting in the release of nutrients from the cells. This pattern can also apply to our findings in the present study because supplementation of enzymes with a mixture of activities was associated with some positive effects on ileal digestibility parameters and this could have resulted from increased exposure of dietary nutrients to endogenous enzymes present in the digestive tract (Leslie et al., 2007) .
Carbohydrase enzymes can hydrolyze or solubilize carbohydrate-protein complexes, facilitating the proteolysis of protein constituents of complex structures, leading to an increase in the ileal protein digestibility (Marsman et al., 1997; . suggested that the effects of cell wall-degrading enzymes in increasing ileal digestibility of protein in corn-soy diets may be due to changes in the polysaccharide components of cell wall in soybean, leading to the liberation of protein molecules. This liberation can increase the exposure of dietary proteins to endogenous enzymes present in the digestive tract and increase ileal digestibility of both AA and energy of corn-soy diets. Protease contributes to the hydrolysis of large protein molecules into more absorbable peptides and AA, enhancing the overall digestion and absorption of CP and AA (Sheppy, 2001 ). Product XAP used in the present study contained protease activity, and the effects of this product on digestibility of CP and AA might be attributed, to some extent, to this enzyme activity.
Decreasing endogenous losses of nitrogen and AA in the digestive tract of the animal has also been cited as an important possible mechanism contributing to enzyme-induced increases in the ileal digestibility of AA (Hew et al., 1998; Wyatt et al., 1999; Zanella et al., 1999; Hong et al., 2002; Cowieson et al., 2006a,b; Cowieson and Ravindran, 2008a,b) . Exogenous enzymes used in the present study might have alleviated the negative effects of antinutrients in corn-soy diets, resulting in a decrease in the endogenous secretions, which in turn increased ileal digestibility of AA such as Thr, Gly, and Val that are present in endogenous secretions (Hew et al., 1998; Cowieson et al., 2006b; Cowieson and Ravindran, 2007) . Pirgozliev et al. (2011) reported a negative correlation between Thr digestibility and endogenous losses of sialic acid (as indicator of endogenous secretion of mucin). It was suggested that increases in the ileal digestibility of Thr could be, to some extent, due to reduction in mucin production resulting from exogenous enzyme supplementation.
Our observations in terms of effects of product XG on ileal digestibility parameters were interesting as there is limited information available on the effects of xylanase and β-glucanase in corn-soy diets fed to broiler chickens. The vast majority of studies of xylanase and β-glucanase have been conducted in diets containing high-viscosity grains such as wheat and barley (Cowieson, 2005; West et al., 2007) . Although β-glucanase activity was not measured in the experimental diets of the present study, our observations showed that product XG (xylanase and β-glucanase) had some effects on IDE in corn-soy diets. Leslie et al. (2007) reported that effects of glucanase on increasing IDE value of corn might be a result of degradation of the cell wall, which subsequently increases the access of endogenous enzymes (i.e., amylase) to starch granules within the endosperm. As indicated by Cowieson et al. (2010) , more studies are still required to further investigate the mechanisms of action of a combination of xylanase and β-glucanase in corn-soy diets in broiler chickens.
In conclusion, effects of enzyme treatments on IDE and ileal digestibility of CP and AA were not consistent and varied depending on corn source, enzyme product profile, and dietary phase. Enzyme products elicited greater responses in birds fed corn 2 diets in the grower phase mainly. Factors related to diets (e.g., availability of substrates in corn 2 diets) and birds (e.g., enzymatic activities in the digestive tract of the birds in the grower phase) may have limited nutrient digestibility, and these limitations may have provided favorable conditions for exogenous enzyme products to specifically work on their substrates (Cowieson et al., 2006a) . Using exogenous enzymes that can target a broad range of substrates may enhance responses in corn-soy diets and this can be a pragmatic approach in poultry feeding . According to Choct (2006) , a better understanding of enzyme-substrate specificity, the gut microbiota, and immune system activity would increase our knowledge of how exogenous enzyme products can enhance the nutritive value of corn-soy diets in broiler chickens.
